SUMMARY To investigate the possible causes of left ventricular dysfunction after total correction of tetralogy of Fallot, 84 patients, aged 1Y2 to 16 years, were studied by left ventricular cineangiography both before and a mean of 4-6 months after operation. Left ventricular ejection fraction and mean velocity of circumferential fibre shortening were calculated; using multivariate analysis the results were correlated with age at operation, the degree of hypoxia and polycythaemia before operation, occurrence of hypoxic spells, and the duration of operative procedures (cardiopulmonary bypass and aortic cross clamping). The postoperative left ventricular ejection fraction was decreased slightly or moderately in 46% of patients. The variable most significantly associated with altered left ventricular function was a history of hypoxic spells. Age, the degree of chronic hypoxia, and polycythaemia did not correlate significantly with left ventricular function indices. Although no correlation was found between the duration of cardiopulmonary bypass and left ventricular ejection fraction, bypass times exceeding 120 minutes were associated with decreased ejection fractions; this was statistically significant and independent of the variable "hypoxic spells".
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Thus repeated episodes of acute hypoxia and long operative procedures appear to have a deleterious effect on left ventricular function in tetralogy of Fallot. Comparison of single plane and biplane measurements-To assess whether patients investigated with single plane cineangiography only could be included in the study, left ventricular volumes and ejection fractions of the 26 patients who had biplane angiograms were calculated twice, first using both planes and then from the right anterior oblique projection only. When both the preoperative and postoperative cineangiograms were included this yielded 52 pairs of values for comparison. For 1kft ventricular volumes the correlation was good (r=0*82), buit the single plane method overestimated the volume and there was a large standard error of the estimate (1 1-2 ml/m2). For ejection fraction, however, the correlation was very good (r=0.89) and the standard error was small (3.95%). When compared by a paired t test, values calculated from the single plane were not different from those obtained using both planes (p= 0.33). Within the range of interest (40-700/6), ejection fraction calculated from single plane images was very close to values calculated from biplane images. Therefore, we included in the present study the ejection fraction calculated from single plane cineangiograms in cases in which biplane angiograms were not available. Indexed volumes, however, are given only for patients who had biplane angiograms performed.
Mean velocity of circumferentialfibre shortening was determined in all patients from the systolic excursion of the left ventricular internal minor equator as described by Karlineret a19; this has been shown to be a good indicator of normal and abnormal left ventricular myocardial function.'0 The normal figure for the mean value in children according to Fisher is 1.55(0-37) circ/s.l
CORRELATION OF OTHER VARIABLES WITH LEFT VENTRICULAR FUNCTION
The following factors related to preoperative state were evaluated: age at operation, preoperative haemoglobin concentration and haematocrit, aortic oxygen saturation at preoperative catheterisation, history of hypoxic spells, and preoperative left ventricular end diastolic volume. Hypoxic spells are defined as episodes of acute cyanosis with anxiety and tachypnoea, with or without loss of consciousness, requiring medical attention and usually prompting the administration of beta blocking drugs. One well documented episode was sufficient for inclusion in the group with "spells" if the case history showed that similar episodes had occurred before; most of these children, however, had numerous documented episodes. As for the factors related to the operative procedure the duration of cardiopulmonary bypass and aortic cross clamping was evaluated.
STATISTICAL METHODS
To assess the influence of the above factors on left ventricular ejection fraction and mean velocity of circumferential fibre shortening, multivariate analysis was performed using the SPSS-6000 Package'2 on a CDC Cyber computer. Left ventricular ejection fraction and mean velocity of circumferential fibre shortening were the dependent variables. All intervalscaled independent variables (for example, haemoglobin concentration, haematocrit, etc) were tested in (Fig. 1) . The mean age of children with abnormal function was not different from that of those with normal function (7.1(3-4) v 6.6(2.6) years). Very few infants and children <2 years'old were, however, included in this study.
Preoperative left ventricular volume-To determine whether an underdeveloped left ventricle will function abnormally after operation, preoperative left ventricular volume was correlated with postoperative left ventricular ejection fraction. No significant correlation was found.
Chronic and acute hypoxia before operation-To assess whether chronic hypoxia and polycythaemia could be responsible for the deterioration in left ven- (Fig. 3) . Nevertheless a very long procedure was associated with depressed left ventricular ejection fraction: of the 19 patients with a bypass time >120 minutes, 15 (75%) had depressed postoperative left ventricular ejection fraction and only four a normal ejection fraction (Fig. 3) . Among the patients with a shorter bypass time, the number with a decreased ejection fraction is much smaller (22/65, 33%). When bypass time is treated as a nominal variable in the multivariate analysis (< 120 minutes or > 120 minutes) a significant effect on left ventricular ejection fraction is found (p<005), and this is independent of the variable "hypoxic spells".
The same tendency is seen with prolonged aortic cross clamping: 16 of 22 (72%) patients with aortic cross clamping had an abnormal ejection fraction compared with 20 of 60 (33%) patients with a shorter cross clamping time. This did not, however, reach statistical significance.
Discussion
Abnormal left ventricular function after total correction of tetralogy of Fallot was first reported by Jarmakani et al. 3 Indeed, these authors found left ventricular ejection fraction to be depressed in many patients and often to a more severe degree than was found in our study. Subsequently, Sunderland et al reported normal left ventricular function in children operated for tetralogy before 2 years of age, stressing the need for early correction. 4 Rocchini et al 5 found abnormal left ventricular function only in patients with residual lesions-that is, residual ventricular septal defect with a significant left to right shunt or severe residual pulmonary stenosis. Thus the subject of left ventricular function in tetralogy remains somewhat controversial, and the causes of dysfunction are open to discussion.
In the present study, we measured left ventricular ejection fraction and mean velocity of circumferential fibre shortening in a large number of children undergoing surgical correction and tried to determine the causes of abnormal left ventricular function. Since very few infants were included in this series, we cannot comment on the effects of operation very early in life. Children with tetralogy followed from birth in our hospital undergo elective corrective surgery between 2 and 3 years of age. Many of the patients included in this study were, however, referred from abroad and not followed by us from birth. This explains the relatively high mean age of 6-6 years and the inclusion of patients as old as 16 years. Some of the children coming from developing countries had had severe hypoxia for months or years.
We found moderately decreased ejection fractions in 46% of the patients; because the vast majority of our patients had a satisfactory repair residual lesions cannot be held responsible. We Graham et al in the experimental animal made hypoxic by anasde Lorgeril, Friedli, Assimacopoulos tomosing the inferior vena cava to the left atrium, and using isoproterenol to increase myocardial oxygen demand.24 It is very likely that hypoxic spells will cause similar changes in cardiac metabolism. Such children will have repeated periods of inadequate oxygen supply to the myocardium both during their acute episodes of hypoxia and during exercise or other stress situations. As a result, necrosis of some myocardial fibres will occur, with subsequent fibrosis. Myocardial fibrosis has indeed been found in right as well as left ventricles in tetralogy by Krymsky25 and by Shakibi et a126 especially in older children and adults. Loss of myocardial fibres and interstitial fibrosis will in turn cause left ventricular dysfunction.
Open heart surgery with cardiopulmonary bypass is known to result in some degree of myocardial damage. 27 It was therefore important in the present study to assess the possible influence of the operative procedure and technique on left ventricular function. Although a direct correlation between left ventricular function indices and duration of cardiopulmonary bypass or aortic cross clamping was not found, the statistical analysis indicates that a bypass time of >2 hours is associated with a significantly decreased ejection fraction. Thus, in addition to hypoxic spells, a prolonged operative procedure may influence postoperative left ventricular function. The two factors were independent of each other in the multifactorial analysis.
This study confirms that hypoxic spells must be considered to be a serious warning sign, indicating a risk of damage through tissue anoxia not only to the brain but also the myocardium, with subsequent ventricular dysfunction. Although propranolol is useful in most patients and prevents such episodes of acute hypoxia in about 80% of cases28 we advocate early surgical repair for children subject to them. 
